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(54) Tb- or Eu-containing fluorophosphate fluorescent glass 



(57) A fluorescent glass capable of converting invis- 
ible ultraviolet rays into visible rays with high efficiency 
and available, for example, for controlling the optical axis 
of a laser beam such as an excimer laser has a chemical 
composition comprising, at least, phosphorus (P), oxy- 
gen (O) and fluorine (F), and further containing Tb or Eu 
as a fluorescent agent, and may specifically comprise in 
terms of atoms for making up the glass (mol %) : 



p 


1 




15 


Al 


1 




18 


Mg 


0 




12 


Ca 


0 




18 


Sr 


0.5 




21 


Ba 


0.5 




28 


Zn 


0 




3.5 


R 


0 




10 


Ln 


0.8 




8 


Ln' 


0 




6.5 


Ce 


0 




0.2 


0 


4 




55 


F 


15 




70 



wherein Ln is Tb or Eu, and Ln* is at least one atom se- 
lected from the group consisting ot Y, La, Gd and Yb and 
R is at least one atom selected from the group consisting 
of Li, Na and K. 
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Description 

This invention relates to a Tb- or Eu-containing fluorophosphate fluorescent glass capable of converting invisible 
ultraviolet rays into visible rays with high efficiency and available for controlling the optical axis of a laser beam such 
5 as excimer laser. 

Phosphors using rare earth elements have been used widely up to the present time, mainly as phosphors for, for 
example, lamps and color picture, of late, materials for the anti-Stokes-wise wavelength conversion of infrared light 
into visible light have been studied extensively, for example, with a view to application to laser materials. 

Tb ion, which shows the strongest fluorescence (green) in the visible region, among the rare earth element ions, 
10 has been put to practical use as intensifying screens, projection cathode-ray tubes, high color rendering fluorescent 
lamps, etc. Eu ion showing a fluorescence with a narrow spectrum width in the red region has been put into practice 
as color picture tubes, high color rendering fluorescent lamps, etc. As described above, a phosphor using Tb or Eu 
has already been put to practical use, but such a phosphor is an opaque material which is obtained by coating a suitable 
carrier with a powdered phosphor to thus give only a superficial emission. 
is As such a glass utilizing the fluorescence of Tb or Eu, there are used those described in Japanese Patent Publi- 

cations Nos. 27047/1982 and 27048/1982. 

However, the glasses described in these publications, for example, in Japanese Patent Publication No. 27047/1 982 
contain only at most 1.5 mol % of Eu 2 0 3 as a fluorescent agent. In the case of Japanese Patent Publication No. 
27048/1982, only at most 1.5 mol % of Tb 2 0 3 is included as a fluorescent agent and other rare earth elements such 
20 as Eu 2 0 3 , Dy 2 0 3 , Sm 2 0 3 and Tm 2 0 3 , are simultaneously added for imparting a multi-coloring property. 

When varieties of fluorescent agents are present in admixture, in genera! the fluorescent intensity is decreased 
by their interaction and a high efficiency emission cannot be obtained. 

It is an object of the present invention to provide a Tb- or Eu-containing fluorophosphate fluorescent glass whereby 
the above described problems of the prior art can be overcome. 
25 it is another object of the present invention to provide a Tb- or Eu-containing fluorophosphate fluorescent glass in 

which a large quantity of Tb or Eu can be incorporated, concentration quenching scarcely occurs and a strong fluores- 
cence is exhibited in the visible region by irradiation of ultraviolet rays such as in an excimer laser. 

These objects can be attained by a Tb- or Eu-containing fluorophosphate fluorescent glass capable of exhibiting 
fluorescence in the visible region, having a chemical composition comprising, at least, phosphorus (P), oxygen (0) and 
30 fluorine (F), and further containing Tb or Eu as a fluorescent agent. 

The accompanying drawings illustrate the principle and merits of the present invention. 

Fig. 1 is a graph showing a fluorescent spectrum of Tb ion when the glass prepared in Example 1 is excited by an 
ultraviolet ray of 250 nm. 

Fig. 2 is a graph showing a fluorescent spectrum of Eu ion when the glass prepared in Example 20 is excited by 
35 an ultraviolet ray of 250 nm. 

Generally, the fluorescence of rare earth ions tends to be subject to concentration quenching and the basic ab- 
sorption of a glass matrix at the short wavelength side is shifted to the long wavelength side with the increase of 
amounts of rare earth elements. Accordingly, capture of excited energy takes place by the non-luminescence center, 
so that a phosphor material presenting a strong fluorescence cannot be obtained. This problem can be solved by the 
40 present invention. 

Specifically, according to the present invention, there is provided a Tb- or Eu-containing fluorophosphate fluores- 
cent glass capable of presenting fluorescence in the visible region, having a chemical composition comprising,at least, 
phosphorus (P), oxygen (0) and fluorine (F), and further containing Tb or Eu as a fluorescent agent. Specifically, the 
Tb- or Eu-containing fluorophosphate fluorescent glass is represented, in term of atoms for making up the glass, by 
45 the following chemical composition (mol %): 

P 1to15%, 

Al 1to18% 

Mg 0to12%, 

50 Ca 0to18% 

Sr 0.5 to 21%, 

Ba 0.5 to 28% 

Zn 0 to 3.5 %, 

Ln 0.8 to 8 % (Ln: Tb or Eu), 

55 Ln' 0 to 6.5 % (Ln 1 : at least one atom selected from Y, La, Gd and Yb) 

Ce 0 to 0.2% 

R 0 to 10 % (R: at least one atom selected from Li, Na and K), 

0 4 to 55% and 
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F 15 to 70% 

The reasons for limiting the composition range of each component of this fluorophosphate fluorescent glass to 
that described above are as follows: 
5 P is a glass-forming component, which is present in a proportion of 1 to 15 %, since if less than the lower limit, 

glass formation is difficult, while if more than the upper limit, durability deteriorates. The preferred range is 2 to 13 %. 

Al is a component for increasing the viscosity of the glass and suppressing crystallization, which is present in a 
proportion of 1 to 18 %, since if more than the upper limit, the melting property is reduced and the glass is unstable. 
The preferred range is 2 to 1 2 %. 
10 Mg, Ca, Sr, Ba and Zn are components for improving the melting property of the glass. If more than the above 

described ranges, the glass is unstable and tends to crystallize. The preferred ranges are respectively 0 to 6 % of Mg, 
0 to 9 % of Ca, 1 .5 to 1 2 % of Sr, 1 .5 to 1 7 % of Ba and 0 to 2 % of Zn. 

R (at least one atom selected from Li, Na and K) acts to lower the melting temperature of a glass melt, which is 
present in a proportion of 0 to 10 %, since if exceeding the above described range, the water resisting property is 
15 reduced and the devitrification tendency is increased, thus rendering the glass unstable. The preferred range is 0 to 3 %. 

Ln (Tb or Eu) is an important component capable of presenting fluorescence in the visible region by ultraviolet 
excitation. This component should be present in the above described proportion, since if less than the lower limit, 
sufficient fluorescence cannot be obtained, while if more than the upper limit, not only is the effect of concentration 
quenching increased, but also the solubilizing property worsens resulting in a tendency to retain melting residue. The 
20 preferred range is 0.8 to 5 %. 

Ln' (at least one atom selected from Y, La, Gd and Yb) is a component for increasing the viscosity of the glass and 
suppressing crystallization. If more than the above described range, the melting property deteriorates, thus tending to 
form a melting residue. The preferred range is 0 to 4 %. 

Ce is a component acting as a sensitizer of the fluorescent agent, but if exceeding the above described upper 
25 limit, this effect is decreased. 

Production of the Tb- or Eu-containing fluorophosphate fluorescent glass according to the present invention is 
carried out by mixing the corresponding raw material compounds in a proportion of the desired composition, for exam- 
ple, aluminum phosphate, strontium fluoride, barium fluoride and terbium oxide, melting the resulting mixture in the air 
at a temperature of 900 to 1300 °C for 2 to 3 hours and allowing the mixture to flow out into a metallic mold, followed 
so by shaping. 

The features and preferred embodiments of the present invention are described below: 

(1) A Tb- or Eu-containing fluorophosphate fluorescent glass capable of presenting fluorescence in the visible 
region, having a chemical composition comprising, at least, phosphorus (P), oxygen (0) and fluorine (F), and further 
containing Tb or Eu as a fluorescent agent. 
35 (2) The Tb- or Eu-containing fluorophosphate fluorescent glass, as described above in item (1 ), having the following 

chemical composition shown in Table 1 and represented in terms of atoms for making up the glass (mol %): 



Table 1 



40 



45 



SO 



p 


2-13 


Al 


2-12 


Mg 


0-6 


Ca 


0-9 


Sr 


1.5- 12 


Ba 


1.5 - 17 


Zn 


0-2 


R 


0-3 


Ln 


0.8-5 


Ln' 


0-4 


Ce 


0-0.2 


O 


4-55 


F 


15-70 



wherein R is at least one atom selected from the group consisting of Li, Na and K; Ln is Tb or Eu; and Ln' is at least 
one atom selected from the group consisting of Y, La, Gd and Yb. 

(3) The Tb- or E u-containing fluorophosphate fluorescent glass, as described above in item (1 ), having the following 
chemical composition shown in Table 2 and represented in terms of atoms for making up the glass (mol %): 
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Table 2 



p 


5.8- 14.5 


Al 


1.3-8.3 


Mg 


0-9.9 


Ca 


0-11 


Sr 


0.9- 16.3 


Ba 


2.5 - 20.9 


Y 


0-4.4® 


La 


0-2.2® 


Gd 


0-5® 


Yb 


0-2.6® 


Tb 


0.8 - 8® 


Ce 


0-0.2 


O 


19.2-50.2 


F 


16.4-49.4 



20 wherein the sum of elements® = 0.8 - 8 %. 

(4) The Tb- or Eu -containing f luorophosphate fluorescent glass, as described above in item (1 ), having the following 
chemical composition show in Table 3 and represented in terms of atoms for making up the glass (mol %): 

Table 3 



p 


9 


~ 13 


Al 


3 


~ 4.5 


Mg 


0 


~ 7.5 


Ca 


0 


~ 9 


Sr 


1.5 


~ 12 


Ba 


5 


~ 17 


Y 


0 


~ 3.3 © 


La 


0 


~ 1.2 © 


Gd 


0 


- 2.2 © 


Yb 


0 


~ 2 © 


Tb 


1.5 


~ 5 © 


Ce 


0 


~ 0. 1 


0 


30 


- 45 


F 


24 


~ 36 



wherein the sum of elements©= 1.5-5 %. 
Examples 

The present invention will now be illustrated in greater detail by the following examples, but the present invention 
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and the merits thereof are not intended to be limited by the materials, compositions and production procedures de- 
scribed in these examples. 

(Example 1) 

5 

Using the compounds shown in Table 4 as raw materials, the raw materials were mixed in a proportion by weight 
as in Sample No. 1 , melted at 900 to 1300 °C, allowed to flow into a metallic mold and shaped to obtain a glass in 
stable manner. 

The thus prepared glass was excited by an ultraviolet ray of 250 nm to obtain a fluorescent spectrum as shown in 
io Fig. 1 . The emissions at 489 nm, 543 nm, 583 nm and 620 nm correspond to the emissions of 5 D 4 -» 7 F 6 , 5 D 4 -> 7 F 5> 5 D 4 
-> 7 F 4 and 5 D 4 -> 7 F 3 of the Tb ion, which was observed as green with the naked eye. 

(Examples 2 to 19) 

t5 Glasses were obtained stably by preparing raw materials in the proportions by weight shown in Tables 4 to 6, 

Samples 2 to 19 and melting the mixture in a similar manner to Example 1. 

When the glasses obtained in Examples 2 to 19 were also excited by an ultraviolet ray of 250 nm, there were 
obtained spectra similar to Example 1 , presenting green fluorescence. 

20 (Examples 20 to 21) 



Glasses were obtained stably by preparing raw materials in the proportions by weight shown in Table 6, Samples 
Nos. 20 and 21 and melting the mixture in a similar manner to Example 1 . 

When the glass prepared in Example 20 was excited by an ultraviolet ray of 250 nm, there was obtained a fluo- 
25 rescent spectrum as shown in Fig. 2. 

The emissions at 591 nm and 614 nm in Fig. 2 correspond to the emissions of 5 D 0 -» 7 F-, and 5 D 0 7 F 2 of the 
Eu ion, which was observed as red with the naked eye. 

In Tables 7 to 9 are shown the compositions (atom %) of the glasses prepared in Examples 1 to 21. 

30 Table 4 



35 



45 



(9) 


Raw Material 


Sample No. 


1 


2 


3 


4 


5 


6 


7 


AI(P0 3 ) 3 


19.5 




30 


3.1 


18.1 


17.1 


24.9 


Mg(P0 3 ) 2 










9.9 






Ca(P0 3 ) 2 
















Sr(P0 3 ) 2 
















Ba(PQ 3 ) 2 




4.4 




4.7 




10 




Zn(P0 3 ) 2 
















LiPO a 
















NaPO a 




4.4 












KPO a 
















AIF 3 




32.2 




34.5 








MgF 2 




5.4 




7.3 


7.8 


8 




CaF 2 




15 




13.7 


14.7 


15 




SrF 2 


19.9 


20.5 


5 


22.6 


12.7 


13 


20 


BaF 2 


39.1 


10 


54.9 


7 


21.6 


22 


34.8 


Tb 2 0 3 


21.5 


7.8 


4.9 


6 


9 


9.8 


6 : 2 


Eu 2 0 3 
















Y 2 O a 
















La 2 O a 






2 






5.1 




Gd 2 0 3 






3.2 








14.2 



Continuation of the Table on the next page 
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Table 4 (continued) 



5 



(9) 


Raw Material 


Sample No. 


1 


2 


3 


4 


5 


6 


7 


Yb 2 O s 










6.2 






Ce0 2 






0.05 










LiF 
















NaF 




0.3 




1.1 








KF 

















Table 5 



25 



35 



45 



(g) 


Raw Material 


Sample No. 


8 


9 


10 


11 


12 


13 


14 


AI(P0 3 ) 3 


19.2 


25.5 


18.7 


20.2 


17.1 


19.7 


19.7 


Mg(P0 3 ) 2 
















ca(P0 3 ) 2 






8 










Sr(P0 3 ) 2 










8.1 






Ba(P0 3 ) 2 












5.6 




Zn(P0 3 ) 2 








9.9 








LiP0 3 
















NaPO a 
















KP0 3 


6.5 














AIF 3 


15.3 


16.3 








12.9 




MgF 2 


11.4 


6 


6.4 




6.4 


4.4 . 




CaF 2 


8.8 


26.4 


12 




12 


18.2 




SrF 2 


16.4 


8.5 


14.5 


20 


14.3 


19.7 


5 


BaF 2 


14.2 


10.2 


25.7 


39.9 


25.5 


9.4 


68.1 


Tb 2 0 3 


8.3 


7.1 


13.5 


9.8 


16.6 


7.4 


4.4 


Eu 2 O a 
















Y 2 0 3 






0.9 










La 2 0 3 
















Gd 2 0 3 














2.8 


Yb 2 0 3 
















Ce0 2 






0.3 


0.2 








LiF 












1.8 




NaF 
















KF j 












1 





Table 6 



50 



55 



(g) 


Raw Material 


Sample No. 


15 


16 


17 


18 


19 


20 


21 


AI(P0 3 ) 3 

Mg(P0 3 ) a 

Ca(PQ 3 ) 2 


1.4 


25 


14.9 


25 


30.3 


25.8 


18.7 



Continuation of the Table on the next page 
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Table 6 (continued) 



5 



15 



25 



(9) 


Raw Material 


Sample No. 


15 


16 


17 


18 


19 


20 


21 


Sr(P0 3 ) 2 
















Ba(P0 3 ) 2 


4.6 














Zn(P0 3 ) 2 
















L1PO3 






3.8 










NaP0 3 






6.2 










KPO a 


3.5 














AIF 3 


34.7 




14.5 








22.4 


MgF 2 


3.3 




2.7 








5.5 


CaF 2 


11.9 




6.8 








9.7 


SrF 2 


21.5 


27.1 


26.7 


40 


12.9 


15.3 


15.6 


BaF 2 


11 


32.9 


18.3 


25 


39.8 


43.9 


21.8 


Th O 
I D 2 ^ 3 


6.6 


5 


6.2 


10 


14.8 






Eu 2 0 3 












15 


6.2 


Y 2 0 3 




10 












La 2 0 3 
















Gd 2 O a 










2.2 






Yb 2 0 3 
















Ce0 2 
















LiF 
















NaF 


1.3 














KF 

















30 



Table7 



35 



40 



45 



50 



55 



(mol%) 


Glass Composition (atom) 


Sample No. 


1 


2 


3 


4 


5 


6 


7 


P 


9.2 


2.1 


12.7 


1.9 


9.8 


8.7 


11 


Al 


3.1 


11 


4.2 


11.7 


2.2 


2.2 


3.6 


Mg 




2.5 




3.2 


5.6 


4.3 




Ca 




5.5 




4.9 


5.9 


6.4 




Sr 


6.6 


4.7 


1.5 ! 


5 


3.2 


3.4 


6.2 


Ba 


9.3 


2.1 


11.7 


1.5 


3.9 


5.3 


7.7 


Zn 
















Li 
















Na 




1.4 




0.7 








K 
















Y 
















La 






0.5 






1.1 




Gd 






0.7 








3 


Yb 










1 






Tb 


4.9 


1.2 


1 


0.9 


1.5 


1.8 


1.3 


Eu 
















Ce 






0.01 










O 


35 


8.1 


41.4 


7.1 


33.3 


30.3 


39.4 


F 


31.8 


61.5 


26.4 


63.1 


33.7 


36.6 


27.7 
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Table 8 



70 



20 



(mol%) 


Glass Composition (atom) 


Sample No. 




Q 
O 


Q 


10 


11 


12 


13 


14 


P 


7.6 


7.6 


9.6 


11.8 


8.9 


7.3 


9.5 


Al 


7.1 


7.6 


2.3 


2.8 


2.2 


6.4 


3.2 


Mg 


5.1 


2.5 


3.4 




3.5 


2 




Ca 


3.1 


8.9 


6.4 




5.3 


6.5 




Sr 


3.6 


1.8 


3.8 


5.9 


5 


4.4 


1.7 


Ba 


2.3 


1.5 


4.8 


8.5 


5 


2 


16.5 


Zn 








1.7 








Li 












1 Q 




Na 
















K 


1.5 










0.5 




Y 






0.3 










La 
















Gd 














0.7 


Yb 
















Tb 


1.3 


1 


2.4 


2 


3.1 


1.1 


1 


Eu 
















Ce 






0.05 


0.05 








O 


24.8 


24.4 


33 


38.5 


31.5 


23.7 


31.3 


F 


43.5 


44.7 


34 


28.8 


35.4 


44.1 


36.3 



Table 9 



35 



40 



45 



50 



55 



(mol%) 


Glass Composition (atom) 


Sample No. 




15 


16 


17 


18 


19 


20 


21 


P 


2.4 


10.4 


8.1 


10.3 


12.9 


11.3 


6.2 


Al 


10.7 


3.5 


6.8 


3.4 


4.2 


3.8 


9.7 


Mg 


1.7 




1.3 








2.6 


Ca 


5 




2.6 








3.6 


Sr 


5.4 


7.9 


6.3 


11.6 


3.8 


4.7 


3.6 


Ba 


2.4 


6.9 


3.1 


5.2 


8.4 


9.6 


3.6 


Zn 
















LI 






1.3 










Na 


1 




1.8 










K 


1 














Y 




3.2 












La 
















Gd 










0.4 






Yb 
















Tb 


1.1 


1 


1 


2 


3 






Eu 












3.3 


1 


Ce 
















O 


8.9 


37.6 


25.9 


34 


42.9 


38.7 


20 


F 


60.5 


29.5 


41.9 


33.5 


24.4 


28.6 


49.7 
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Comparative Example 1 

Raw materials were mixed in a proportion by weight, calculated from a glass composition of the prior art, i.e. 75 
% of B20 3 , 17 % of Na 2 0, 2 % of Al 2 0 3 . 3.45 % of CaO, 1 % of La 2 0 3l 0.05 % of Eu 2 O a and 1 .5 % of Tb 2 0 3 (mol %) 
5 (32.9 % of B, 7.5 % of Na, 0.9 % of Al, 0.8 % of Ca, 0.4 % of La, 0.01 % of Eu, 0.7 % of Tb and 56.9 % of O by mol % 
representation of atoms making up the glass), melted at 1000 to 1200 °C, allowed to flow out into a metallic mold and 
shaped. 

When the thus prepared glass was excited by an ultraviolet ray of 250 nm, there was obtained a spectrum similar 
to Example 1, presenting green fluorescence. However, the emission intensity was only 1/4 times as large as that of 
10 Example 1 even taking the highest peak at 543 nm. 

Advantages of the Invention 

The fluorescent glass of the present invention is capable of converting invisible ultraviolet rays into visually ob- 
is servable visible rays with high efficiency and is available for controlling the optical axis of a laser beam such as an 
excimer laser. 



Claims 

20 

1. A Tb- or Eu-containing fluorophosphate fluorescent glass capable of exhibiting fluorescence in the visible region, 
having a chemical composition comprising, at least, phosphorus (P), oxygen (0) and fluorine (F), and further con- 
taining Tb or Eu as a fluorescent agent. 

25 2. A Tb- or Eu-containing fluorophosphate fluorescent glass as claimed in Claim 1 , wherein the glass has the following 
chemical composition (mol %): 



30 



35 



40 



p 


1 to 15%, 


Al 


1 to 18%, 


Mg 


0to12%, 


Ca 


0to18%, 


Sr 


0.5 to 21 %, 


Ba 


0.5 to 28 %, 


Zn 


0 to 3.5 %, 


Ln 


0.8 to 8 %, 


Ln' 


0 to 6.5 %, 


Ce 


0 to 0.2 %, 


R 


0to10%, 


O 


1 to 15% and 


F 


15 to 70%, 



and Ln is Tb or Eu, Ln* is at least one atom selected from the group consisting of Y, La, Gd and Yb and R is at 
least one atom selected from the group consisting of Li, Na and K. 

3. A Tb- or Eu-containing fluorophosphate fluorescent glass as claimed in Claim 1 or Claim 2, wherein the glass has 
the following chemical composition (mol %): 



so 



p 


2 


to 


13 


%. 


Al 


2 


to 


12 


%, 


Mg 


0 


to 


6 


%, 


Ca 


0 


to 


9 


%, 
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Sr 


1 5 


to 


12 % 


Ba 


1 5 


to 




Zn 


0 


to 


2 % 


Ln 


0 8 


to 




Ln' 


0 


to 


4 X, 


R 


0 


to 


3 X, 


Ce 


0 


to 


0.2 %, 


0 


4 


to 


55 % and 


F 


15 


to 


70 X. 



and Ln is Tb or Eu, Ln' is at least one atom selected from the group consisting of Y, La, Gd and Yb and R is at 
least one atom selected from the group consisting of Li, Na and K. 

The Tb- or Eu-containing fluorophosphate fluorescent glass as claimed in any one of Claims 1 to 3, wherein the 
glass has the following chemical composition (mol %): 



p 


5.8 to 14.5%, 


Al 


1.3 to 8.3%, 


Mg 


0 to 9.9 %, 


Ca 


0to11 %, 


Sr 


0.9 to 16.3%, 


Ba 


2.5 to 20.9 %, 


Y 


0 to 4.4 %CD 


La 


0to2.2%Q 


Gd 


0 to 5 %Q 


Yb 


0 to 2.6 %Q 


Tb 


0.8 to 8 %Q) 


Ce 


0 to 0.2 %, 


0 


19.2 to 50.2% and 


F 


16.4 to 49.4%, 



the sum of the elementsQbeing 0.8 to 8 %. 

The Tb- or Eu-containing fluorophosphate fluorescent glass as claimed in any one of Claims 1 to 4, wherein the 
glass has the following chemical composition (mol %): 



p 


9to13%, 


Al 


3 to 4.5 %, 


Mg 


0 to 7.5 %, 


Ca 


0 to 9 %, 


Sr 


1.5 to 12%, 


Ba 


5 to 17%, 


Y 


Oto 3.3 %@ 


La 


0 to 1.2%® 


Gd 


0 to 2.2 %@ 



Continuation of the Table on the next page 
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(continued) 


Yb 


0 to 2 %<2) 


Tb 


1.5 to 5 %@ 


Ce 


0 to 0.1%, 


O 


30 to 45 % and 


F 


24to36%, 



the sum of the elements©being 1 .5 to 5 %. 

Use of a Tb- or Eu- containing f luorophosphate fluorescent glass as claimed in any one of claims 1 to 5 for controlling 
the optical axis of a laser beam. 

Apparatus for producing a laser beam whenever comprising a Tb- or Eu- containing fluorophosphate fluorescent 
glass as claimed in any one of claims 1 to 5. 
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